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ABSTRACT
The northeastern border zone of the Idaho batholith is
recognized as an area, of infrastructural doming, accompanied
by metamorphism and succeeded by suprastructural gravity
sliding and overthrusting during the late stages of domal
uprise.

The proposed sequence of structural and metamorphic

events for the region includes multi-phase penetrative
deformation of sediments of the Precambrian Belt Supergroup
or crystalline basement accompanied by regional metamorphism,
locally to sillimanite-orthoclase grade.

This was either

followed by, or concomitant with, the intrusion of the Idaho
batholith.

Late stage differential uprise of the batholith

as a cohesive unit, accompanied by marginal faulting,
followed.
The age of the final thermal event either preceding or
accompanying intrusion is estimated to be 85+35 m.y. from
a Rb/Sr whole rock determination on quartzofeldspathic
gneiss adjacent to the batholith.

The main stage of

emplacement of the northeastern Idaho batholith occurred
67+10 m.y. ago, as determined from U-Pb dates on cogenetic
zircons from two batholith samples.

A single zircon

fraction provided a U-Pb age of 87+10 m.y. for intrusive
quartz diorite orthogneiss in the contact zone.

Three

Rb/Sr mineral isochrons from two batholith samples and one
orthogneiss sample yielded ages of 39^2 m.y., *t6+5 m.y.,
1
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2
and 42+8 m.y., indicating that a late stage event either
has reset the mineral clocks or re-equilibrated them for
the first time.

This event may have been a post-intrusive

thermal pulse, or the ages may represent a time of regional
uplift during which the isotopic equilibrium in the minerals
was set by a lowering of temperature following erosion.
An upper concordia intercept of 1960+200 m.y. for the
zircon data and initial Sr®^/Sr®® ratios of 0.7128^0.0005
and 0.7103+0.0005 for the batholith samples suggest anatexis
of old crystalline basement as a possible origin for the
batholithic magma.
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INTRODUCTION
Previous radiometric dating studies of the Idaho batho
lith have concentrated mainly on thermally sensitive K-Ar
and potentially inaccurate Pb-oc methods, and have yielded
ages generally thought to be somewhat younger than the
formation or metamorphism of the rocks in question.

More

recent studies have utilized less thermally sensitive Rb/Sr
and U-Pb methods to obtain more reliable dates.

Results

for the northern sector of the Idaho batholith have been
reported by Reid and others (1970), Hofmann (1971), Grauert
m
and Hofmann (1973), Hofmann and Grauert (1973), Reid and
others (1973), and Armstrong (1975a).
This research grew out of a petrological and structural
study of the northeastern border zone of the Idaho batho
lith reported by Chase (1973).

This detailed study revealed

a complex thermal and structural history for the study area,
and indicated the need to assign absolute ages to structural
events where possible.

McDowell and Kulp (1969), Armstrong

(197»0, and Ferguson (1975) suggested that the previously
determined ages in the 38 - 48 m.y. range were lower than
the absolute age of plutonic crystallization or regional
metamorphism.

The complexity of the structural history

postulated by Chase (1973) reinforced this belief.
This project was designed to place absolute ages on
individual thermal events.

Rb/Sr whole rock and mineral
3
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4
dates and U-Pb ages on zircon were obtained in an attempt
to obtain results less likely to be affected by uplift or
reheating.

Samples were collected in the summer of 1974,

and sample preparation and mineral separations were carried
out at Western Michigan University during the winter and
spring of 1975.

X-ray fluorescence analyses and mass

spectrometry were conducted at the University of Kansas
Isotope Geochemistry Laboratory during the summer of 1975.
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GEOLOGY
The Idaho batholith is a composite group of plutons
located to the east of an inferred subduction zone
(Hamilton, 1969; Vallier, 1974).

Regionally, it is north

west of the Sevier orogenic belt and southwest of the
Montana disturbed belt (Armstrong, 1968, Fig. 4; Mudge,
1970, Fig. 1) and possibly forms the southernmost extension
of the Kootenai arc mobile belt (as suggested by Harrison
and others, 1974).

The position of the batholith in its

regional tectonic setting is shown in Fig. 1.
A detailed geologic map of the northeastern border zone
of the batholith is given in Fig. 2.

The three predominant

rock types are quartzofeldspathic gneiss (in contact with
the batholith), pelitic schist (structurally adjacent to
and beneath the quartzofeldspathic unit), and calc-silicate
gneiss (which rims the northeastern border zone to the
north and northwest).

The pelitic and quartzofeldspathic

units locally contain boudins of calc-silicate gneiss and
amphibolite, which display sharp contacts with the host
rocks and lithologic layering parallel to schistosity.
These units share sharp parallel contacts with one another
and have been deformed into mesoscopic similar-, concentricand convolute-style folds during at least three phases of
penetrative deformation (Chase, 1973).

During these

deformations, the units were initially subjected to high
5
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pressure (kyanite grade) regional metamorphism which sub
sequently increased locally to sillimanite-orthoclase grade
conditions.

Lower pressure (cordierite grade) metamorphism

occurred during the third fold event.

Detailed petrographic

descriptions of these units are given by Chase (1973) and
in Appendix B.
The igneous rocks of the main Idaho batholith and its
apophyses range in composition from tonalite to granite.
Isotropic textures are dominant within the interior.
However, foliated plutons in which weak to strong gneissic
zones are defined by locally contorted lineations are common.
In some portions of the batholith the presence of large
microcline megacrysts gives the rock a porphyritic texture.
Pegmatitic stringers are numerous and conspicuous (Chase,
1973).
Bodies of quartz diorite orthogneiss occupy two separate
zones directly north of the batholith.

These rocks are

foliated, medium-grained, and allotriomorphic-granular in
texture.

The foliation is defined by plagioclase, which

is dimensionally aligned thus imparting a strong local
lineation, and by parallel flakes of biotite which define
a weak schistosity.

Pegmatite and aplite veins (for the

most part dilational) are present.

Petrographic descrip

tions of the batholith and orthogneiss units are given in
Appendix B and by Chase (1973).
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Contact relationships are important in deciphering the
relative sequence of structural events.

The contacts of

the orthogneiss with the batholith are sharp and discordant.
Schistosity, however, tends to be continuous across the
contacts.

Xenoliths of quartzofeldspathic gneiss within

the orthogneiss display similar relationships.

The batho-

lithic structures cut the first two of the three penetrative
deformation structures of the quartzofeldspathic gneiss at
the contacts between these units, while tending to parallel
the third deformation.

No clear-cut decision can be made

as to whether this third deformation preceded or accompanied
intrusion on the basis of structural relationships.
The infrastructure thus has been subjected to at least
two phases of penetrative deformation preceding magmatic
emplacement.

A third phase preceded slightly, or accom

panied, intrusion (Chase, 1973).

The early deformations

were accompanied by high pressure (kyanite to sillimanite
grade) metamorphism, with the third fold event being
essentially concomitant with lower pressure (cordierite
grade) metamorphism (Cheney, 1972).

The structures have

been modified by extensive syn- to post-intrusive regional
uplift which formed a gneiss dome (Chase and Talbot, 1973),
and by eastward movement of the Sapphire tectonic block
(Hyndman and others, 1975).

Isolated portions of the dome

been affected by late-stage faulting with mylonitization,
retrograde metamorphism, and intrusion of felsic dikes in
the fault zones.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

PREVIOUS WORK
The results of previous radiometric dating studies
within and adjacent to the area of study are summarized
in Tables 1, 2, and 3.

The locations of the samples of

these studies and those of this research are shown in
Fig. 3.

#

10
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Location

Age
(m.y.)

Mineral
Dated

Rock Type Dated
METAMORPHIC

1

85
24

Sphene
Apatite

Quartz diorite orthogneiss

2

34

Apatite

Pelitic schist

3

36

Apatite

Pelitic schist

4

48

Apatite

Pelitic schist

5

36

Apatite

Pelitic schist

6

43

Apatite

Calc-silicate gneiss

7

44

Apatite

Amphibolite

8

24

Apatite

Ouartzite
(quartzofeldspathic gneiss)

9

81
39

Sphene
Apatite

Quartzite
(quartzofeldspathic gneiss)
IGNEOUS

10

81
56

Sphene
Apatite

Skookum Butte stock
(quartz diorite)

11

42

Apatite

Skookum Butte stock
(quartz diorite)

12

37

Apatite

Skookum Butte stock
(quartz diorite)

13

43

Apatite

Idaho batholith border zone
(quartz monzonite)

14

39

Apatite

Idaho batholith border zone
(quartz monzonite)

Table 1: Fission track dates from the northeastern Idaho
batholith border zone. Dates are by Ferguson
(1975, Fig. 2). Samples are described in reports
by Chase (1973) and Nold (1974). Numbered locations
are shown as open circles on Fig. 3.
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Location

Age
(m.y.)

Rock Type Dated and Source of Date
METAMORPHIC

4

43

Pelitic schist (Ferguson, 1975, Fig. 2)

5

44

Pelitic schist (Ferguson, 1975, Fig. 2)

15

40

Metamorphic pegmatite
(Hayden and Wehrenberg, 1960, Table 1)
IGNEOUS

16

38

Idaho batholith interior
(quartz monzonite)
(McDowell and Kulp, 1969, Fig. 1)

17

42

Idaho batholith interior
(quartz monzonite)
(McDowell and Kulp, 1969, Fig. 1)

Table 2: K-Ar ages of biotites from the northeastern Idaho
batholith border zone and interior. Numbered
locations are shown as open circles on Fig. 3.

Location

Age
(m.y.)

18

63 (100)*
55 (50)*

Zircon
Monazite

19

53 (110)*
57 (50)*

Zircon
Monazite

20

67
56
51

Monazite
Zircon
Monazite

Mineral Dated

Table 3: Pb-«rt ages from quartz monzonite of the northeastern^
sector of the Idaho batholith (from Larsen and Schmidt,
1958, Table 6). Ages marked * have been recalculated
and are reported in Armstrong (1975b). The corrected
ages are shown in parentheses. Numbered locations are
shown as open circles on Fig. 3.
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Figure 3: Sample location map
for samples listed in ~
Tables 1, 2, and 3 and \
samples of this study.
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GEOCHRONOLOGY
Sampling Scheme
The principal goals of this research were 1) to determine
the age of intrusion of the northeastern Idaho batholith,
2) to determine the relationship of this intrusion to the
latest deformation of the surrounding country rock on the
basis of absolute age, 3) to measure the age of the country
rock, and 4) if possible, to determine the ages of any preor post-intrusive thermal effects.

Accordingly, samples

(Fig. 3) of quartzofeldspathic gneiss (locality D, in the
intruded country rock), quartz diorite orthogneiss
(locality C, in the metamorphic country rock complex),
the batholith at the contact zone (locality A), and the
batholith away from the contact zone (locality B) were
collected and analyzed for this study.
Analytical Methods
The isotopic measurements reported here were determined
by standard techniques as described in Bickford and others
(1969) and Bickford and Mose (1975) in the University of
Kansas Isotope Geochemistry Laboratory.

The natural

decay constants and atomic ratios used are as follows:
ARb87 = 1. 39xlO“1:L/yr.; Sr86/Sr88 = 0.1194; Sr8U/Sr88 =

0.0068; Rb85/Rb87 = 2.5927; X u 238 = 1.537xl0-10/yr.;
14
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15
Xu235 = 9.72xl0“11/yr.

The use of the Rb87 decay constant

preferred by Armstrong (1975b) would alter the reported
Rb/Sr ages by approximately 2.1 per cent.

The U decay

constants are those of Stieff and others (1959).

The

use of the U decay constants recently published by Jaffey
and others (1971) would change the ages by about 1.5 per
cent.
Analyses of the isotopic standards and interlaboratory
concentration standards for the University of Kansas
Isotope Geochemistry Laboratory are given by Bickford
and Mose (1975).

Blanks run during the present research

project are as follows: Rb87 = 0.000HU ug; Sr86 =
0.00355 ug.

These blank levels are normal for the

laboratory and would result in negligible corrections
to the data of this study.
Results of Age Measurements
Batholith and quartz diorite orthogneiss
The zircon data from the three batholith samples define
a single chord on the concordia diagram (Fig. *0.

The

data are discordant and cluster near the lower intercept.
The chord intercepts yield ages of 67+10 m.y. and
1960+200 m.y.

The single orthogneiss sample plots above

the chord drawn through the batholith fractions.

If a

second chord is drawn through the orthogneiss parallel
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to the first, an age of 87+10 m.y. is obtained.

Because

of the small number of closely spaced points, a statistical
least squares regression of the data would be of little
value.

The errors are therefore based on analytical

errors and represent estimates of the uncertainties of
the measurements.
The results are similar to those of Grauert and Hofmann
(1973) and Hofmann and Grauert (1973).

These authors

analyzed zircons from intrusive rocks of the northern
Idaho batholith and from Lower Beltian metasedimentary
rocks.

These yielded lower concordia intercepts of

53.5 m.y. (batholith) and 71 m.y. (orthogneiss) and an
upper intercept of 1300-2100 m.y. (Fig. 5).

They con

cluded that zircons which formed 50-70 m.y. ago during
crystallization of the intrusive rocks (batholith and
orthogneiss) were mixed with old country rock zircons
whose age was 1300-2100 m.y.

K-Ar ages obtained by

Giletti (1966) on the metamorphic basement which under
lies the Beltian rocks are around 1600 m.y., which is
in agreement with the upper intercept value.

The most

geologically realistic interpretation of the data of
the present study is that the zircon fractions consist
of zircons formed during crystallization of the batholith
(67+10 m.y. ago) plus a small percentage of old zircons
whose age is 1960+200 m.y.

The Pb analyses were corrected

for common Pb using a calculated isotopic composition

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Pb206
235

Garnet
ana
Kyanite
zone

Sillimonite
zone
ligmatite
Intrusive rocks of
I the batholith

Figure 5: Concordia plot of zircons from the northern
Idaho batholith and surrounding metasediments
adapted from Grauert and Hofmann (1973). Open
squares indicate main batholith samples and
open circles denote orthogneiss in enlargement
of lower intercept. Closed circles indicate
metasedimentary samples. Compare with results
given in Fig. 4.
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for 6 per cent 1800 m.y. old common Pb plus 94 per cent
70 m.y. old common Pb (M. E. Bickford, 1975, personal
communication).
Some of the old detrital zircons which were incorporated
into the developing magma appear to have been overgrown
by new material.

Plate 1 is a photomicrograph of a cross-

section of such a zircon from the quartz diorite orthogneiss.
Here the old rounded inner core of the grain should yield
an age of 1960+200 m.y.

An age of 87+10 m.y. should be

given by the new recrystallized rim.

The presence of such

overgrown zircons further supports the interpretation that
old detrital zircons were incorporated into the intrusive
magmas.
Rubidium-strontium mineral isochrons for the interior
batholith (locality B), the batholith near the contact
zone (locality A), and the orthogneiss (locality C) are
shown in Figs. 6, 7, and 8 respectively.
similar in that biotite has a high Rb

87

The plots are

/Sr

86

ratio in

each while the other mineral and whole rock data points
tend to cluster near the ordinates.

The result in each

instance is essentially a "two point" isochron, with
biotite determining the slope of the line (and thus the
age) whereas the remaining data determine the initial
Sr 87 /Sr86 intercept.

An exception is muscovite from the
q 7
86
interior batholith sample, which has a high Rb° /Sr
ratio
(Fig. 6) but lies below the isochron drawn through the
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250 m.
Plate 1: Photomicrograph of cross-section of overgrown
detrital zircon from quartz diorite orthogneiss.
Polars crossed.
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other data points.

This mineral must have been an open

system to Rb and Sr after biotite became closed.

A later

event which could have caused this effect is not apparent.
Potassium feldspar from the batholith near the contact
(Fig. 7) plots above the isochron drawn through the other
minerals.

It is possible that the feldspar took up

excessive radiogenic Sr during crystallization since it
was collected near the contact with the metasedimentary
quartzofeldspathic gneiss (Chase, Bickford, and Tripp,
manuscript).
The variation in Rb 87 /Sr 86 ratios for these samples
are such that least squares regressions of the data are
not useful.

The errors given are again estimates based

upon analytical uncertainties.

The data indicate that

biotite in these samples was last an open system to Rb
and Sr approximately ^2 m.y. ago.
Quartzofeldspathic gneiss
The Rb/Sr whole rock data for the quartzofeldspathic
gneiss are given in Fig. 9.

The samples came from a single

outcrop approximately 30 m long and 2 to 4 m high.

The

rock shows highly contorted compositional layering and
samples were collected from adjacent layers where possible.
The data do not collectively define a unique isochron.
Samples 8, 6, 7B, and 1 give an estimated age of 85+35 m.y.
and represent the line of best fit, with an initial Sr8^/Sr88
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Figure

9:

Quartzofeldspathic

Gneiss Whole Rock Isochron

(Sample A15R)
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ratio of 0.7265.

A line drawn through sample 7A and this

intercept results in an age of 32+20 m.y.

Sample 7A

consisted almost entirely of biotite and quartz, and this
age is consistent with the "biotite" ages given by the
mineral isochrons from the batholith and orthogneiss.
Samples 2A, 2B, and 3A are positioned above the 85 m.y.
isochron.

Two possible interpretations of these data are

offered (Chase, Bickford, and Tripp, manuscript):

1) It is possible that these samples did not have the
same initial Sr87/Sr88 ratio as the others.

If

this is so, an isochron roughly parallel to the
85 m.y. line could be drawn through samples 2A and
2B, having a higher initial Sr87/Sr86 ratio.
However, the calculated errors for these two samples
demand that ages from 0 to H26 m.y. be considered.
2) An isochron could be drawn through samples 8, 3A,
and 2A to yield an age of 968+100 m.y.

Such a line

indicates an initial Sr87/Sr88 ratio of 0.7227.
It is evident that any interpretation of these data is
open to uncertainty. However, previous isotopic studies
have yielded results similar to those presented here and
thus provide aids to interpretation.

A study of the effects

of regional metamorphism on radiometric ages in pelitic
rocks of the Belt Supergroup north of the Idaho batholith
by Hofmann (1971) yielded ages ranging from H3 m.y. to
1750 m.y. on micas from these rocks.

Hofmann found that
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all metamorphic zones surrounding the batholith yielded
ages from U3 to 53 m.y., whereas ages ranging from 100 to
1750 m.y. appeared only in lower grade metamorphic zones.
He concluded that thermal pulses of varying intensity had
disturbed but had not reset the Rb/Sr whole rock systems
on a regional scale.

A continuation of the same study

(Hofmann, 1972) showed that no homogenization was apparent
even on the scale of a single outcrop, although small
slabs cut from one sillimanite bearing sample did yield
a reset isochron which indicated nearly complete Sr
isotopic homogenization on the scale of about 20 cm.
The 85+35 m.y. age thus represents the approximate
time of final re-equilibration of the quartzofeldspathic
gneiss Rb/Sr whole rock system, probably in response to
thermal effects due to the emplacement of the batholith.
The 67 m.y. and 87 m.y. zircon ages for the batholith
granodiorite and orthogneiss support this suggestion.
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DISCUSSION
Chronology of Structural and Thermal Events in the
Northeastern Border Zone
The structural and thermal history of the northeastern
border zone has been described and documented by Chase
(1973), Nold (197H), and Cheney (1975).

The postulated

sequence is given below and, where possible, absolute
ages are assigned to events based upon the results of
this research.
1) Precambrian rocks, probably of the Belt Supergroup,
the pre-Belt crystalline basement and associated
igneous bodies, or both, were subjected to one or
more episodes of high pressure regional metamorphism
and at least two penetrative deformations prior to
batholithic intrusion.

This study provides no ages

for these events.
2) Intrusion of quartz diorite magma occurred after
the second penetrative deformation and slightly
prior to or during a third deformation.

Non-folded

foliation in the resulting quartz diorite ortho
gneiss parallels axial planes of the third generation
folds in the quartzofeldspathic gneiss (Chase, 1973).
While the contacts between these units are discordant,
third generation schistosity tends to be continuous
across the contacts. The estimated U-Pb age of the
29
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quartz diorite orthogneiss is 87+10 m.y.
3) The granodiorite-quartz monzonite of the main batho
lith was emplaced after the cessation of penetrative
deformation, as evidenced by the lack of foliation
continuous with axial planes of third generation
folds in the contact zones (Chase, 1973).

The U-Pb

age of the rocks of the main batholith is 67+10 m.y.
Disturbance of the Rb/Sr whole rock system in the
quartzofeldspathic gneiss within the contact zone,
probably due to the third penetrative deformation,
occurred 85+35 m.y. ago.

Though the deformation is

possibly related to forceful intrusion of the plutons,
the large error does not allow a clear cut decision
to be made as to whether this deformation preceded
slightly, or accompanied, intrusion.

Uplift of the

diapir, unroofing by the shedding of the Sapphire
tectonic block to the east, and the development of
an extensive zone of cataclasis along the eastern
margin of the pluton accompanied intrusion (Chase
and Talbot, 1973; Hyndman and others, 1975).
4) Faulting, local mylonitization in the fault zones,
and local retrograde metamorphism represent the last
significant thermal events to have affected the
region.

Intrusion of local igneous bodies such as

the Crooked Fork plug, Lolo Hot Springs batholith,
and acidic dikes (Nold, 1974) possibly occurred at
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the same time.

These events may or may not in part

account for the 39-*»6 m.y. Rb/Sr mineral ages.
Ages in the 38-*»8 m.y. range are common to the
northern Idaho batholith (see Tables 1 and 2, also
Armstrong, 1975b).

Such ages have been obtained

through thermally sensitive K-Ar and fission track
methods and also by Pb-^ determinations.

A K-Ar

study of the batholith by McDowell and K

? (1969)

indicated that the earlier igneous activity occurred
approximately 125 m.y. ago, and that the most recent
thermal event occurred during late Eocene time.
Ferguson (1975) found K-Ar ages on biotite and
fission track ages on apatite in the 38-**8 m.y.
range; however, fission track ages on sphene, in
which tracks anneal at higher temperatures than in
apatite (Naeser and Dodge, 1969), are approximately
80 m.y. (Tables 1 and 2).

Results such as these

indicate that the *»0 m.y. ages are "too young”
given the previously postulated structural continuum.
The ages obtained by Rb/Sr mineral analysis of the
batholith and orthogneiss samples of this study add
to this list of young ages.

These dates may be the

result of the uplift of the deep-seated pluton to
a shallower crustal level, with temperature being
lowered below the threshhold of Rb and Sr diffusion
in biotite and thus setting the clocks.
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Alternatively, Armstrong (197*0 has suggested the
Eocene-0ligocene Challis volcanic event of northcentral Idaho as a possible cause of thermal re
equilibration of the Rb/Sr mineral systems.

The

effects of this event apparently ceased about
SO m.y. ago (Armstrong, 197U) and this may explain
why the more thermally sensitive radiometric systems
were reset at that time without textural evidence
for recrystallization.

The data of this study do

not permit the choice of either an uplift or a
reheating model to explain the young ages.
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Other Implications
Origin of the batholithic magma
The data obtained in this research have implications
concerning the origin of the large masses of magma which
crystallized to form the Idaho batholith.

The ratio

Sr®^/Sr®^ has been shown to be less than 0.705 for most
mantle derived and oceanic igneous rocks and greater than
0.705 for most old crystalline continental rocks (Hurley
and others, 1965; Doe and others, 1968).

Strontium isotope

data from the batholith and quartz diorite orthogneiss
whole rock samples indicate that these all have Sr®^/Sr®8
ratios which are considerably higher than 0.705 (Table *0 .
However, Rb/Sr ratios for these rocks are so low that
such high Sr°ft7 /Sr86

ratios could not have developed in

them from the normal decay of Rb 87 to Sr8 7 over the rather
short 67-87 m.y. interval since their crystallization
(Chase, Bickford, and Tripp, manuscript).

The relation

ships of these data are shown in Table **.

The initial

Sr^/Sr88 ratios determined for the batholith samples
suggest that the magmas were of crustal origin or were
significantly contaminated by crustal material.
As stated previously, it is believed that the zircon
contents of the batholith and orthogneiss consist mostly
of zircon which crystallized out of the intrusive magmas
33
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Table

ft7

86

Summary of relationships between initial Rb/Sr and Sr /Sr
ratios for
batholith and orthogneiss samples. The data indicate that these rocks
all must have had relatively high initial Sr87/Sr®6 ratios. See text
for further explanation.
measured
calculated
increase ir

Sample

Interior
Batholith

Rb87/Sr86
(measured)
0.4613
+.0092

Sr87/Sr86
of whole rock
0.7128
+.0029

calculated
initial

Sr87/Sr86
of low Rb mineral
with calculated

Sr87/Sr88
Sr87/Sr86
in 67 m.y. of whole rock initial Sr87/Sr86

0.0005

0.7123

0.7133
+.0013
(qtz.- plag.)

Batholith
Contact

0.4354
+.0087

0.7111
+.0009

0.0005

0.7106

0.7104
+.0021
(aDatite)

Quartz
Diorite
Orthogneiss

0.2509
+.0050

0.7082
+.0010

0.0003

0.7079

0.7068
+.0007
(apatite)

Oi
■
p

35
and which is 67-87 m.y. old and a small percentage of old
detrital zircon having an age of 1960+200 m.y. which was
incorporated unaltered into the magma.

That the contam

ination was with inherited zircon and not radiogenic Pb
is important.

According to Goldschmidt's rules of mutual

ionic substitution, Zr+ U (0.79 °A ionic radius) and Pb+ 9
©-

(1.20 A radius) should not substitute for one another
(Goldschmidt, 1937).

Though Pb+l* (0.84 A radius)

substitution for Zr+l* is possible, Pb+l* is relatively
uncommon.

The incorporation of old Pb directly into the

zircon lattice would thus be limited.

Radiogenic Pb

would be taken up by another mineral such as feldspar,
where Pb substitution for K, Ca, or Na could occur.
The presence of old zircons contaminating the zircon
populations of these rocks and the high initial Sr®7/Sr88
ratios indicate that the batholithic magmas were crustally
derived or were contaminated with older crustal material
after formation in the mantle or lower crust.

This con

clusion is consistent with the concept that the Idaho
batholith, with its inclusions of older metamorphic rocks
and its gradational contacts, represents the lower portion
of an originally thicker igneous mass which had risen
through pre-existing crust after derivation at greater depths.
The 40 m.y. ages obtained by Rb/Sr, K-Ar, and fission track
measurements on minerals from these rocks may record the
most recent upward movement o~ this rock mass.
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Regional implications
Armstrong (1975b) called attention to the fact that
very few reliable zircon dates exist for the area of the
Idaho batholith which includes the northeastern border
zone.

He noted that because of the presence of old

detrital zircon in the intrusive rocks, most U-Pb ages
(whether Pb-«* or isotopic) tend to be too high.

He

argued that few K-Ar and Rb/Sr mineral ages are close to
the true age of emplacement because of subsequent thermal
disturbance, and that most Rb/Sr whole rock determinations
are of limited value due to wide variations in initial Sr
isotope composition.

Armstrong further stated that ages

in the southern (Atlantic) lobe of the Idaho batholith
approach a maximum age of 100 m.y., whereas dates from
the northern (Bitterroot) lobe reach a maximum of 70 m.y.
The data of this research support Armstrong's conclusions.
The 67+10 m.y. zircon age ©f batholithic intrusion is in
agreement with the 70 m.y. U-Pb ages of Reid and others
(1973), which are concordant and which support Armstrong’s
view that much of the batholith is less than 100 m.y. old.
According to Hyndman and others (1975), the eastward
shedding of the Sapphire tectonic block from the rising
Idaho batholith may have provided structural control for
the emplacement of the Flint Creek plutons, Elkhorn
36
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Mountain volcanics, and the Boulder batholith.

The

67*10 m.y. age of intrusion of the Idaho batholith
reported here is within the range of the 68-78 nt.y. age
of the Boulder batholith (Tilling and others, 1968) and
the 72-76 m.y. age of the Flint Creek plutons (Hyndman
87
86
and others, 1972). Whole rock Sr /Sr
ratios for the
Boulder batholith (0.705-0.710, Doe and others, 1968)
are in agreement with those presented here for the Idaho
batholith (Table 4).

The data of this study are thus

temporally supportive of a genetic link between the north
eastern Idaho batholith and the Boulder batholith.
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APPENDIX A
Location of Samples
A14R7
Quartz diorite orthogneiss, from outcrop approximately
1.3 km north of contact with batholith and 1 km west of
Central Kootenai Lake along south side of ridge (*+6°33,17"N,
114°20'i*if"W; SW 1/4 NW 1/4 Sec. 11, T.37N, R.22W; Ravalli
Co., Mont.).
A15R
Quartzofeldspathic gneiss, approximately 1 km north of
contact with batholith, from fresh blast zone along trail
to South Kootenai Lake approximately 500 m north of lake
along west side of trail (**6°32' 50MN, 114°19’16"W; SW 1/*+
SW 1/4 Sec. 12, T.37N, R.22W: Ravalli Co., Mont.).
A18R
Idaho batholith, granodiorite, from outcrop approximately
1.6 km south of contact with quartz diorite orthogneiss
and quartzofeldspathic gneiss and 1.3 km southwest of
South Kootenai Lake (46°31'44"N, 114°20 »10"W; NW 1/4 NW 1/4
Sec. 23, T.37N, R.22W; Ravalli Co., Mont.).

38
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A20R3
Idaho batholith interior, quartz monzonite, portion of
semi-channel sample, located to the south of trail along
South Fork drainage of Bear Creek, approximately 4.4 km
west of the mouth of Bear Creek (‘*6°22,*i2nN, 114°18,52"W
NW 1/4 SW 1/4 Sec. 2, T.35N, R.22W; Ravalli Co., Mont.).

■

9
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APPENDIX B
Petrographic Description of Samples
A1SR Quartzofeldspathic gneiss
Lithologic layering in the quartzofeldspathic gneiss
ranges in thickness from 0.5 to 9.0 cm.

Feldspar, quartz,

and biotite layers are present with quartz-rich layers being
dominant (Chase, 1973).

Schistosity is well developed

in the biotite-rich layers and in leucocratic layers con
taining minor amounts of biotite.

Mesoscopic concentric-

and similar-style folds are common.

Similar folds are

present locally in micaceous layers.

Groups of small

scale concentric- and similar-style folds form convolute
patterns (Chase, 1973).

Evidence for the transposition

of lithologic layering is given by the presence of root
less intrafolial folds (doubly attenuated similar-style
folds) of quartzofeldspathic layers in relatively unfolded
portions of the pelitic schist (Chase, 1973).
Quartz is unoriented (Chase, 1973), anhedral, fine to
medium grained, and typically displays undulose extinction.
Grain boundaries are sutured and frequently embayed by
adjacent quartz or feldspar grains.

Inclusions of biotite

and oligoclase-andesine are common.

Fine to medium grained

oligoclase-andesine is anhedral, generally displays albiteCarlsbad twinning, and in most instances is kaolinitized
*0
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and sericitized to varying degrees.

Muscovite is fine

grained, "ragged”, and is commonly embayed by quartz.
Sillimanite needles associated with muscovite tend to
parallel muscovite cleavage flakes.

Anhedral to subhedral,

fine grained, brown biotite contains inclusions of anhedral
zircon and rutile needles.

Zircon inclusions also occur

in quartz and oligoclase-andesine.

Alteration of biotite

to chlorite and magnetite is common.

Sphene is rare,

occurring as widely scattered, anhedral grains.

Anhedral

potassium feldspar (microcline and orthoclase (?)) is
associated with quartz and oligoclase-andesine and is
commonly somewhat altered to sericite and kaolinite.
A18R Idaho batholith near contact zone
Granodiorite from locality A near the contact zone is
medium grained and hypidiomorphic-granular in texture.
The rock is strongly foliated due to the alignment of
biotite within much of the contact zone.

The contact

itself is characterized by an intimate interfingering of
batholith granodiorite and quartzofeldspathic units.

The

contacts are sharp and the granodiorite there is strongly
foliated, becoming less so away from the contact zone.
Biotite schlie sn (which tend to follow the trend of the
foliation), pegmatites, and quartzofeldspathic xenoliths
are present in the sample locality.

Such structures were

avoided during sampling.
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Oligoclase is anhedral to subhedral with albite, Carlsbad,
and pericline twins present.

Most grains display oscillatory

zoning and inclusions of biotite, quartz, and apatite.
Quartz is anhedral and is predominantly intersertal.
grains display undulose extinction.
clase by quartz are common.

Most

Embayments of oligo

Anhedral microcline is asso

ciated with oligoclase and quartz.

Subhedral to anhedral

biotite occurs in evenly scattered clusters, in which the
cleavage flakes display no preferred orientation.

Some

grains are almost entirely altered to chlorite and magnetite.
Magnetite also occurs independently of the above association
as sparsely distributed subhedral to anhedral grains.
Rutile appears as fine needles within some biotite grains.
Apatite occurs as euhedral cross-sections and anhedral to
subhedral grains within biotite, quartz, and oligoclase.
Sphene is rare, occurring as widely scattered, anhedral
grains.

Zircon appears as inclusions within biotite,

quartz, and oligoclase.

The zircon grain sizes are for

the most part less than 0.25 mm although a few are larger.
The grains are euhedral to subhedral, generally long and
slender, and possess faceted to subhedral terminations.
A20R3 Interior batholith
Quartz monzonite of the interior batholith is fine to
medium grained, hypidiomorphic-granular, and somewhat
seriate in texture.

Several types of fabrics are present
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within the sample locality.

The rock locally shows the

development of large microcline megacrysts which impart
a porphyritic texture.

A slightly foliated, "streaky"

texture defined by the alignment of biotite is also present.
The micaceous layers tend to wrap around the megecrysts
when these two fabrics are juxtaposed.
present, some with biotite schlieren.

Shear zones are
Pegmatites and

finer grained muscovite-rich leucocratic veins which show
diffuse contacts with the quartz monzonite are also
present locally.
Oligoclase is anhedral and contains inclusions of quartz
and biotite.

Twinned (pericline and Carlsbad) and untwinned

oligoclase occur in approximately equal proportions.
grains are slightly sericitized.

The

Quartz is anhedral and

intersertal with larger grains displaying undulose extinc
tion.

Grain boundary embayments between quartz and oligo

clase are common.

Myrmekitic textures have formed where

oligoclase is embayed by potassium feldspar.
Microcline is subhedral to euhedral, and its generally
larger grain size is responsible for the seriate texture
of the rock.

Oligoclase, biotite, and quartz are typical

inclusions within microcline.

The euhedral microcline

grains are relatively unaltered, while other grains show
moderate kaolinitization and sericitization.
Anhedral biotite occurs in scattered clusters, commonly
altered to chlorite and magnetite.
needles within biotite.

Rutile appears as

Muscovite is anhedral and typically
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rims biotite.

A minor amount of sillimanite is associated

with muscovite as needles which tend to parallel the
muscovite cleavage flakes.

Apatite occurs as minute

elongate grains which are sparsely distributed.

Sphene

is rare, occurring as rounded inclusions in the feldspars
and quartz.

Zircon is euhedral to subhedral with faceted

to subhedral terminations.

The grain sizes are generally

less than 0.25 mm although a few are larger.

The zircon

occurs as moderately distributed inclusions in biotite
(with characteristic pleochroic haloes), muscovite, and
oligoclase.
A1UR7 Quartz diorite orthogneiss
The quartz diorite orthogneiss is characterized by
foliation which is defined by the preferential alignment
of biotite and hornblende in melanocratic layers. Alter
nating melanocratic and leucocratic quartz-feldspar layers
give the rock a banded appearance typical of a gneiss.
Locally, the bands are up to 10 cm wide in the vicinity
of the sample locality.
Andesine is anhedral with albite, Carlsbad, and pericline
twin types present.
sericitized.

Many grains are cloudy and slightly

Oscillatory zoning is common.

Biotite,

hornblende, apatite, and quartz occur as inclusions within
andesine.

Biotite is anhedral to subhedral, occurs in

clusters, and contains inclusions of andesine, quartz,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

45
apatite, zircon, and magnetite.
chlorite and magnetite is common.

Minor alteration to
Quartz is anhedral,

undulose, and is generally intersertal and evenly dis
tributed.

Anhedral to subhedral hornblende occurs in the

biotite clusters, displays irregular grain boundaries,
and contains inclusions of quartz, biotite, sphene, apatite,
and magnetite.

Anhedral, fine grained orthoclase is

associated with andesine and quartz in leucocratic layers.
Anhedral sphene occurs as inclusions within biotite
and also interstitially.
are present in biotite.

Inclusions of rutile (needles)
Zircon occurs as euhedral to

subhedral inclusions in biotite (with characteristic
pleochroic haloes) and andesine.

The grain sizes again

are usually less than 0.25 mm although a few are larger.
Some of the zircon appears to have been overgrown (Plate 1).
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Table B-l

Unit
Mineral

Modes of Samples

A15R
Quartzofeldspathic
Gneiss
(5 samples)

A14R7
Quartz
Diorite
Orthogneiss
(1 sample)

A18R
Batholith
Near Contact
Zone
(1 sample)

A20R3
Interior
Batholith
(1 sample)

79%
(64-90)

20%

28%

35%

4
(2-6)

54

56

45

An 37

An 27

An22

7
(0-15)

2

3

13

Biotite

5
(1-10)

21

13

5

Muscovite

5
(1-11)

Tr

2

Quartz
Plagioclase

Composition of
An 29
Plagioclase
(28-30)
Potassium
Feldspar

Hornblende

3

Sillimanite

Tr

Chlorite

Tr

Tr

Tr

Tr

Opaques

Tr

Tr

Tr

Tr

Tr

Tr

Tr

Apatite

Tr

Sphene

Tr

Tr

Tr

Tr

Rutile

Tr

Tr

Tr

Tr

Zircon

Tr

Tr

Tr

Tr
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APPENDIX C
Analytical Techniques
Mineral separations were done by standard techniques
described by Hutchinson (1974).

Each whole rock and mineral

sample to be analyzed for Rb and Sr was split into two equal
fractions - one for x-ray fluorescence and one for isotope
dilution analysis.
to a fine powder.

Both fractions were then ball-milled
A portion of each x-ray fluorescence

fraction was pressed into a pellet and analyzed for Rb and
Sr to determine the amount of tracer to be added.
remainder of this portion was saved for later use.

The
The

Rb Ka and Sr Ka peaks were scanned under the following
conditions:
General Electric XRD-6 fluorescence spectrometer
Tungsten tube: 60Kv 50mA
Analyzing crystal: LiF (200)
Time constant: 1.0
Gain: coarse 12 fine 88
EL+AE: AE 5.8 EL 0.10
2© scan: 20° - 30°
Scan speed: 2° 29 per minute
Chart position: C
Chart speed: 1 inch per minute
The resulting peak heights were measured and compared
against pre-determined standard curves to determine the
amounts (in ppm) of Rb and Sr in each sample.

Multiplying

the Rb values by the known percentage of Rb87 in nature
(27.85%) and the Sr values by the known percentage of
47
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Sr

QC

(9.86%) in common Sr yielded the concentrations of

these isotopes.

These approximate concentrations were
87 and Sr 84
used to calculate appropriate amounts of Rb
tracers (or "spikes”) to be added for isotope dilution
analysis.
The procedure for adding tracer to the samples was as
follows (tracer concentrations are given in Appendix D):
1) Two clean, covered 50 ml beakers (one for each
tracer) were weighed separately on an analytical
balance to the nearest 0.0001 g.
2) Approximately 10 g of each tracer was poured
into its respective beaker.

The beakers were

again weighed.
3) An aluminum foil "boat”for holding

the sample

was made by forming a 1 cm x 3 cm piece of
foil into a trough shape.

This was weighed

to the nearest 0.0001 g.
4) Approximately 0.5 g of sample was placed on the
foil and weighed precisely.
5) The sample was then placed into a previously
weighed 50 ml Teflon beaker and weighed again.
The two weighings (on the foil and in the
beaker) provided checks on one another.
6) The appropriate amount of tracer(s) was poured
into the Teflon beaker. The beaker

and its
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»*9
contents were weighed again to determine the
exact amount of tracer added.
7) As a check, the tracer beaker(s) (which were
kept covered to minimize evaporation) was weighed
again.

The amount of tracer lost to its beaker

should have equalled the amount added to the
sample.
8) The remaining samples were "spiked” in the
above manner.
The samples were then dissolved in 5 ml perchloric acid
and 10 ml hydrofluoric acid.

They were allowed to evaporate

to dryness on a hot plate over a period of several days.
The sample residue in the Teflon beakers was taken up
by adding 3 ml of 2.6 N hydrochloric acid to each.

Rb

and Sr were collected using Dowex 50 resin in ion exchange
columns.

The columns were calibrated such that the

following procedure applied:
1) The columns were saturated with 2.6 N HC1 by
drawing the resin up out of the column using
a vacuum hose.

The HC1 was introduced at the

bottom of the column and drawn up along with
resin.

The vacuum was then removed, allowing

the resin to re-settle.

Excess HC1 which dripped

out was caught and discarded.
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2) The sample was introduced at the top of the
column via a glass funnel lined with filter
paper moistened with 2.6 N HC1.
3) After the sample had filtered into the resin,
5 ml of 2.6 N HC1 was added.
4) Forty ml of HC1 was then added and allowed to
filter into the resin.

The HC1 which dripped

out was caught and discarded.
5) Rb was collected in an acid-cleaned 50 ml
beaker

by adding 12 ml HC1 to the column.

6) The Rb beaker was removed and 20 ml of HC1
added as a discard portion.
7) Sr was collected in 30 ml beakers by adding
20 ml of HC1 to the column.
8) The column was then washed twice by filling it
completely with 6 N HC1 and allowing it to
drip through.
9) The Rb samples were placed on a hot plate and
allowed to dry down to ~5 ml.

The liquid was

then transferred to clean 10 ml beakers and
one drop of concentrated
each.

was added to

The samples were evaporated to dryness

and covered.
10) The Sr samples were treated in a similar manner,
except that they were transferred to 5 ml
beakers and one drop of concentrated HCIO,^
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was added to each.
The samples were analyzed using a six inch radius single
filament solid source mass spectrometer.
were run on platinum filaments.

The Rb samples

Sr samples were run on

rhenium using a Ta-TaO "sponge".

The filaments were out-

gassed (platinum in air, rhenium in vacuum) before the
samples were loaded.

Ten scans of the ratio Rb 87 /Rb 8S

were attempted for each Rb sample.

For the Sr samples

the ratios Sr88/Sr86, Sr87/Sr86, and Sr81+/Sr86 were
measured.

The isotope data were reduced and normalized

and the isotope concentrations calculated.
The procedure for preparation of the zircon for U-Pb
analysis is outlined below:
1) The zircon fractions for each sample were
weighed in foil "boats" in much the same fashion
as the Rb and Sr samples.
2) The zircon was then placed into previously
weighed Teflon bombs and weighed again.

The

two weighings provided checks on one another.
3) Two ml of HF and 1 drop of concentrated HNO^
was added to each bomb.

The bombs were then

sealed in high pressure casings and placed in
a 160°C oven for five days.
*♦) The bombs were opened and the contents evaporated
down to dryness on a hot plate in a filtered air
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box.

Two il of 3 N HC1 were then added.

The

boabs were replaced in the high pressure casings
and returned to the oven overnight.
5) The boabs were opened, and the contents trans
ferred to clean Teflon beakers.

Each bomb was

rinsed several times with deionized water.
The entire contents were collected in a Teflon
beaker marked IC (isotopic composition).

The

contents were thoroughly stirred.
6) The IC beaker (which had been previously weighed
empty) and contents were weighed.
7) Approximately 50% of the solution was transferred
to a second Teflon beaker marked ID (isotope
dilution) and weighed.

The IC beaker (minus

the contents of the ID beaker)was weighed again
as a cross-check.
8) U235 and Pb2®® tracers were added to the ID
beaker (tracer concentrations are given in
Appendix D).
9) The contents of all beakers were then evaporated
to dryness.
The U and Pb were separated from the samples via an ion
exchange procedure.

It is outlined below:

1) Ion exchange columns approximately 2 cm long
were prepared by injecting a slurry of Dowex 1
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resin in 3 N HC1 into 0.5 cm diameter Teflon
tubes.
2) The samples were taken up by adding 1 ml 3 N
HC1 to each beaker.
3) The dissolved sample was placed in the column.
•O One ml of 3 N HC1 was added and discarded.
5) One ml of 6 N HC1 was added to remove Pb.

This

was collected in a quartz cup of approximately
2 ml capacity.
6) One ml of deionized water was added to the ID
fraction to collect U in a 5 ml acid-cleaned
beaker.
7) All samples were evaporated to dryness on a
hot plate in a filtered air box.

The 5 ml

beakers containing U were covered, and the
Pb quartz cups were placed in tightly covered
soft plastic containers.
The mass spectrometry was conducted in a manner similar
to that for Rb and Sr.

The uranium samples were run on

rhenium filaments using a TaO "sponge".

Pb samples were

run on rhenium filaments with a bed of silica gel in the
presence of phosphoric acid.

All filaments were outgassed

in a vacuum before loading the sample.
The following ratios were measured for each sample:
U - U238/U235
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5**
PbIC - Pb208/Pb206, Pb207/Pb206, Pb20V P b 206
PbID - Pb208/Pb206, Pb20**/Pb206
The ratios were measured by an automatic peak-hopping
circuit.

The data were recorded digitally and normalized

and reduced via computer.
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APPENDIX D
Analytical Data
The following tables give the pertinent isotope dilution
data and analytical data obtained from this research.
Tracer isotope contents are as follows:
KU #2 Rb/Sr mixed tracer

Rbau = 36.71 ug/g
Sr
= 2.6875 ug/g

KU #1-Z Sr84 tracer

Sr84 = 9.720 ug/g

KU ifl-D U-Pb tracer
U23&
KU #1-C U-Pb tracer

= 0*620 ug/g
= 2.801 ug/g

PfcoS?8 = 1*129 ug/g
U2
= 4.744 ug/g

Blank levels for the University of Kansas Isotope
Geochemistry Laboratory are as follows:
Rb87 = 0.00044 ug
(1975, analyzed for this report)
Sr86 = 0.00355 ug
Pb206 = 4.0 ug
(Bickford and Mose, 1975)
U238

= 5.0 ug

55

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

56
«
to
o 10
CM CO
•Q CM
O. 3

CO
10
3CM
•
O

10

1
—1
00

«
(0
o
CM
A
C
L
,

CO
CM
CM
o
•
o

o
I
—1
co
o
•
o

<0

O)
CM
C
M
O
•
o

CD
•
3•
H
CM
H

o
C
M
O
•
o
>
J
3-

C
O
o
•
r
H
C
O

00
00

00

c
o
CM
3

H
e
(0 3 O o
M
CM C
Xi A
a a

C
D
C
M
O
•
o

t
o
•
*
00
r
H

bO
CO \
CM b
O
0

t
o
O
to C
• •
to LO

C
D b
O
C
O
CM b
O
3

*
o>
t
o
•
CM
O
)

o
C
M
•
to
rH
00

o
o
o
•
o
rH
00

O
t
o
00
•
o

H
C
M
o>
00
m
o

M
3- C
to
OT r
*
r^
• •
H
C
M r

LO
r
*
t
o
C
M
•
r
H

O
1
H
%
*

Q o o
i i
1
r
H r
H rH
% % %
3
3
3
X *5

o>
o
tn
o
•
o

<0

10

Analytical Data - All U-Pb Zircon

o
1—1
o
CD
r*
C
O C
O CM
• • •
o o O

•
M
2
Q
)r%
b
O
•Hw
CL
C
O
0)

.X
•H
P
,
CO
•
p
3
0)r
s
t—1 bO
§

C
M
O
O
•
o

3- *

o
co
• •
t
o CM
rH

rH

10 <0
r» o
—I
3- i

o o
• •
o o

Table D-l

C/3

o
■H
<0
u
0

•rl

•rl
u

v
O.

H

%
CO

1
o
rH
OS
St
rH
<

<

Q

OS
CO
i—1
<

OS
CD
i—1
<

1

1

1
CO
OS

o

15

«

CM
<

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table D-2

Analytical Data - Rb/Sr Mineral

Sample

Whole rock
Biotite

Sample wt.
(g)
0.4712
0.4677

Spike

Spike wt.
Cg)

Rb87
(ug/g)

Sr86
(ug/g)

Rb87/Sr86*

Sr87/Sr86*

KU#2
KU#1-Z

1.1784
6.9520

21.526

84.870

0.2509
+.0003

0.7082

1.3224

105.178

23.5180
+.0706

0.7207
+.0022

2.7528
+.0077

0.7095
+.0018

0.0187
+.00008

0.7068

0.0078
+.00005

0.7068
+.0007

KU#2

Hornblende

0.4866

KU#2

Quartzplagioclase

0.5614

Apatite

0.4820

♦atomic ratio

Quartz Diorite Orthogneiss (A14R7)

4.421

0.6213

18.246

6.556

KU#2
KU#1-Z

1.4794
7.7701

2.006

106.238

KU02
KU#1-Z

0.6212
1.0733

0.356

45.165

+.0010

+.0011

Table D-3

Analytical Data - Rb/Sr Mineral
Sample wt.
Cg)

Spike

Whole rock

0.S012

KU#2
KUU-Z

Biotite

0.4989

Quartzplagioclase

Spike wt.
<g>

Idaho Batholith Near Contact Zone (A18R)
Rb87
(ug/g)

Sr88
(ug/g)

Rb87/Sr8$*

Sr87/Sr86*

2.4192
4.1784

31.775

72.142

0.4364
♦.0030

0.7111
♦.0009

KU#2

1.3674

211.368

4.973

42.0140
♦.0840

0.7371
♦.0021

0.5505

KU02
KU#1-Z

0.7011
6.2937

3.685

80.661

0.0440
♦.00007

0.7091
♦.0012

K-feldspar

0.5401

KU#2
KU#1-Z

6.5104
3.6166

96.714

89.898

1.0630
♦.0019

0.7140
+.0014

Apatite

0.4925

KU#2
KU#1-Z

0.4i70
0.5728

0.620

31.876

0.0192

0.7104

♦.00002

+.0021

Sample

♦atomic ratio

<n
oo
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Table D-4

Analytical Data - Rb/Sr Mineral

Sample

Sample wt.
(g)

Spike

Spike wt.
(g)

Interior Idaho Batholith (A20R3)
Rb87
(ug/g)

Sr86
(ug/g)

Rb87/Sr86*

Sr87/Sr86*

Whole rock

0.5380

KU#2
KU#1-Z

1.2676
2.871,5

26.204

56.189

0.4163
+.0003

0.7128
+.0029

Biotite

0.5343

KU#2

3.3659

205.115

2.324

87.2990
+.1746

0.7599
+.0015

Muscovite

0.4461

KU#2

4.3099

103.242

9.891

10.3180
+.0103

0.7155
+.0019

Quartzplagioclase

0.5059

KU#2
KU#1-Z

0.4165
4.2454

1.995

49.183

0.0401
+.00006

0.7133
+.0013

K-feldspar

0.5117

KU#2
KU#1-Z

3.6523
2.0891

81.847

80.396

1.0069
+.0048

+.0021

0.7133

*atomic ratio

tn
to

i
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Table D-5

Analytical Data - Rb/Sr Whole Rock
Sample wt
<g>

Spike

Rb87
(ug/g)

Sr86
(ug/g)

A15R1

0.4323

KU#2

1.7069

17.590

3.265

5.4919
+.0659

0.7337
+.0037

A15R2-A

0.4437

KU#2
KU01-Z

1.7942
0.8597

27.487

16.649

1.6500
+.0080

0.7445
+.0041

A15R2-B

0.5038

KU#2
KU#1-Z

0.6075
0.4830

5.429

10.699

0.5020
+.0014

0.7410
+.0022

A15R3-A

0.5228

KU#2
KU#1-Z

1.7391
0.7867

19.627

17.850

1.0860
+.0010

0.7354
+.0040

A15R6

0.4650

KU#2

0.6593

10.967

3.062

3.5406
+.0237

0.7303
+.0023

A15R7-A

0.4943

KU#2

1.1226

14.058

2.772

5.0133
+.0070

0.7288
+.0015

A15R7-B

0.4888

KU#2

0.9823

13.222

3. 376

3.8716
+.0263

0.7299
+.0026

A15R8

0.4953

KU02
KU#1-Z

1.1942
3.6886

20.215

61.436

0.3250
+.0009

0.7269
+.0004

Sample

Spike wt.
Cg)

Quartzofeldspathic Gneiss (A15R)
Rb87/Sr86*

Sr87/Sr81

•atomic ratio
cn
o

APPENDIX E
Theoretical Basis of Rb/Sr and U-Pb Geochronology
Radioactivity and the ages of rocks
When a radioactive nuclide undergoes a process of
nuclear disintegration, the rate of decay is proportional
to the number of parent nuclei present, such that
dN/dt = - AN

(1)

where N is the number of radioactive atoms of original
parent remaining after a time t and X is a disintegration
constant representing the probability that an atom will
decay in a unit of time.

It follows that the number of

daughter nuclei N* is given by
dN*/dt - X U

(2)

If the parent nuclei of the sample were assembled at
a unique measurable time, the number of parent atoms
present at a time t after the time of assembly is given
by the integration of Equation (1)
N = Noe"*1

(3)

where NQ is the initial number of parent nuclei.

If this

value of N is substituted in Equation (2), the equation
for N* becomes
61
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dN*/dt = X N e

62
*

(U)

which when integrated yields
N* = A - Noe " ^
where A is a constant of integration.

(5)
Since at time zero

the number of daughter nuclei is zero, A = Nq , and
N* = N (1 - e”^*t)
At time t^/2

(6)

number of parent atoms is half the

original number, such that
expC-At^j) = 1/2

and

X t l/2 * ln 2
or
+

_ In 2
1/2 ' ~

(7)

whicn is known as the "half-life" of the parent nuclide.
The half-life is constant for a given radioactive nuclide
and is independent of the amounts of parent and daughter
present at any given time.
If Nq is eliminated from Equations (3) and (6), then
N* = NCe*^ - 1)
and
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s 1 ♦ N*/N

or
_ _ ln(l ♦ K*/W)
*
W -----

(8)

which enables the time t (the time since the assembly of
the staple) to be calculated directly from the numbers
of parent and dalighter nuclei present.

Equation (8) is

therefore of fundamental importance in the radiometric
dating of rocks and minerals.
Rb/Sr method
The Rb/Sr method relies on the disintegration of Rb
to Sr87 by a process of ^ decay.

qn

The fundamental law of

radioactivity states that for this system
N = N o e'^t

where NQ is the number of Rb

(9)
87

atoms disintegrated and N

is the number of radiogenic Sr®7 nuclei formed in t years,
Therefore
^
_ ln(N_
t ---o - N)
N

(10)

The natural isotopes and isotopic abundances of common
Rb and Sr are given in Table E-l.
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Table E-l

Isotopic Abundances of Common Rb and Sr

Isotope
Rb87

Abundance
27.83%

Rb85

72.17

Sr88

82.56

Sr87

7.02

Sr86

9.86

Sr84

0.56

Reference
National Bureau of
Standards (1970)

Bainbridge and Nier
(1950)

(Adapted from Hamilton, 1965, p. 81)
In addition to being formed by the decay of Rb 87 , Sr 87
87
is also non-radiogenic (see above), and radiogenic Sr
and non-radiogenic Sr 87 cannot be distinguished from one
smother by analytical means. However, if the original
ratio of Sr 87to Sr 86 is known, then the quantity of Sr 87
arising from radioactive decay is equal to Mr, where M
is the quantity of Sr86 (used as a standard of comparison)
and r is the ratio of radiogenic Sr87 to Sr88, given by
r = (Sr87/Sr88) measured - (Sr87/Sr86) original
which can also be written
Sr 87 measured = Sr 87 original + Sr 87 radiogenic
s Sr87 original

Rb87(e'^t - 1)
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since
Sr87 radiogenic = Rb87 measuredCe^* - 1)
Referring the measured quantities to Sr

QC

gives

(Sr87/Sr86) measured = (Sr87/Sr86) original
+ Rb87(e~Xt - 1)
Sr86
This equation is that of a straight line of the form
y s mx + b, in which
y = (Sr87/Sr86) measured
m = (e'Xt - 1)
x = (Rb87/Sr86)
b = (Sr87/Sr86) original
When the ratios (Rb87/Sr88) and (Sr87/Sr88) for several
samples of the same rock are plotted against each other,
they should lie along a straight line called an isochron.
The slope (m) of this line allows the calculation of the
apparent age of the rock, while the ordinate gives the
initial value of (Sr87/Sr®®).

For the isochron to be

valid, the following conditions should be fulfilled:
1) all samples must have the same initial Sr 8 7 /Sr 86 ratio,
2) they must all be of the same age, and 3) they must
all have acted as closed systems with respect to Rb and
Sr.

Whole rock systems which have been disturbed by
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thermal metamorphism will result in a scatter of data
points which may not define a true isochron.

Whole rock

samples having initial Sr isotope contents which differ
greatly from one another will also result in a point scatter
when plotted, even though they may be of the same age.
Scatter in mineral determinations may result from varying
Sr®7/Sr®® ratios depending on the abilities of the
individual minerals to retain radiogenic Sr during thermal
metamorphism.

The mineral rost susceptible to such thermal

effects is commonly biotite (iiami3 con. 1965, p. 99), and
when biotite disturbance takes place results similar to
those obtained in this study may occur (see, for example,
Fig. 6).
U-Pb method
The U-Pb method is dependent upon the two well known
decay sequences U^®®— »

and U2^>— *Pb2®7. Uranium-

lead ages can be calculated directly from the general
238
235
law of radioactive decay, with U
and U
constituting
oftc
7H7
the parent nuclides and Pb
and Pb
the respective
daughter products. The production of radiogenic Pb 206
is given by
(Pb206/Pb20l*)measured = (Pb206/Pb201*)original
. U238(eXt - X)
Pb2011
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using non-radiogenic Pb281* as a comparison standard.
This equation is in the form of a straight line with
ordinate (Pb206/Pb20l|)measured, abscissa (U238/Pb20**),
and slope (e^* - 1).
The production of Pb387 from U333 is calculated in the
same manner.

Ages can thus be calculated from the

following equations
(U238/Pb20u)(eX238t - 1) = (Pb206/Pb20l+)measured
- (Pb206/Pb20**)original
(U235/Pb20lt)<e*235t - 1) = (Pb207/Pb20lf)measured
- (Pb207/Pb20**)original
A "lead-lead" age can also be determined
~A

CPb207/Pb206)measured = <U235/U238)

- (Pb207/Pb206)original
If the sample has remained a closed system to U and
Pb since its formation, then all three of the above ages
should be equal.

It is often found that such is not the

case and that discordant ages are common.

Wetherill (1956)

explained discordant ages in terms of distinct single or
multiple phases of U-Pb fractionation and introduced a
curve called "concordia" (for example, Fig.

) which
207 235
represents the locus of all points having equal Pb
/U
206 238
and Pb
/U
calculated ages. If a point determined
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by unique values of both isotope ratios falls on the
curve, the Pb2^6/U2^8 age will equal the Pb207/U2^

age.

The ages will be concordant if the following conditions
are set, 1) the sample has acted as a closed chemical
system and there has been no gain or loss of U or Pb,
and 2) proper corrections have been made for any original
non-radiogenic Pb in the mineral.
Points which do not lie on the curve represent dis
cordant ages.

Often such points will align to define a

chord which intersects concordia in two places (Fig. *0.
Situations such as this arise when the samples have
either gained or lost U or Pb through continuous or
episodic diffusion.

Wetherill (1956) proposed distinct

single or multiple episodes of Pb loss as an explanation
for discordant ages, which he illustrated by the use of
a concordia plot.

He reasoned that samples which had

lost Pb in such a manner would lie on a chord, with their
positions on the chord indicating the amounts of Pb lost
during distinct thermal events.

In this situation the

upper intercept of the chord with concordia indicates
the original or "true" age of the mineral, whereas the
lower intercept gives the time of Pb loss from the
system.

Tilton (1960) showed that the continuous loss

of Pb over the life of the mineral would result in a
similar pattern, except near the origin where the chord
curves smoothly down to pass through the origin.
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Here the apparent age of the system is not related to a
single episode of Pb loss, or to a specific geological
event.
The loss of intermediate members of the radioactive
series (such as radon, Hamilton, 1965, p. m3) will also
cause discordant ages.

The incorporation of old country

rock zircons into a developing magma may also give similar
results, as suggested by the data obtained in this research.
(This discussion has been summarized from Cook (1973)
p. 143-158; Hamilton (1965) p. 9-11, 80-120, 125-151;
and Harper (1973) p. 161-212, 215-270.)
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